An indirect symptom of common root rot is the decreased number of tillers that form on an infected plant as compared to the number on a healthy plant ( Signs of common root rot are rare since the fungal pathogen does not form definite anamorphic fruiting bodies. However, production of the dark brown conidia can occasionally be found on necrotic tissue at plant maturity. Sporulation on tissue placed on various media or in a moist chamber does occur and is an aid in accurate diagnosis of the pathogen in the laboratory. The teleomorph is rarely found under natural conditions and usually does not develop in culture.
Host Range
Cochliobolus sativus is a pathogen of many grasses (at least 45 genera of grasses) as well as wheat and barley (10, 11, 12) .
Geographic Distribution
The pathogen is distributed world-wide in all of the major cereal growing regions. Within a region, it is rare to find a field that does not harbor the pathogen at some level of inoculum.
Pathogen Isolation
The anamorphic stage of C. sativus is easily isolated from symptomatic tissue placed under moist conditions. Conidia form quickly and are quite evident by their characteristic dark brown oval shape with thick cross walls (Fig 6) . They usually appear within a few days at room temperature. From tissue. To isolate the pathogen from infected tissues on various media it is best to wash the tissue well with running water from several minutes to 1 to 2 hours. It can then be plated directly onto an agar medium, but it is usually best to surface sterilize it first in 0.5% NaOCl for 30 sec to several minutes. Either touch the plant tissue briefly with clean sterile tissue paper to wick off the excess NaOCl, or rinse it briefly in sterile water prior to placement on the medium.
Media that can be used include water agar, corn meal agar, or potato dextrose agar of varying strengths (full to 1/10 strength). Other media that also work well include V-8 juice medium, Czpeck's agar, or a glucose mineral salts medium (23) (see Appendix for recipes).
If the tissue is badly rotted, with the potential for harboring mixed infections, benomyl (2 to 10 mg per liter) can be added to any of the media above. Specht and Rush (22) have also used their selective medium in making isolations directly from tissue.
From soil. Various techniques and media have been used to isolate the pathogen directly from soil. C. sativus exists from one growing season to the next primarily as conidia in soil, and not as mycelium in the soil or in plant tissue. Initial work by Chinn (3) involved separation of the conidia from soil using solutions that would selectively separate the conidia from soil, e.g., use of mineral oil. However, most have found this technique to be messy and cumbersome. To eliminate this problem, several selective media have been developed that allow soil dilution platings (6, 21, 22) .
Pathogen Identification
The anamorphic or conidial stage of C. sativus is the one normally encountered. It is characterized by the presence of olive-brown conidiophores and large brown phragmoid (cross walls only in one direction) conidia borne laterally and terminally on the conidiophore (Fig. 6) . The conidia of Pyrenophora sp. can be confused with those of C. sativus. The very thick walls of C. sativus conidia distinguish them from the very thin transparent walls of the conidia of Pyrenophora. Germination of C. sativus conidia occurs only from the polar (end) cells of the conidium.
The teleomorphic stage is an ascostroma with a dark exterior and a whitish pseudoparenchymatous interior when young. At first they are immersed in host tissue, but later are erumpent. Ascospores occur in a helical arrangement in the ascus, are more than 5 microns wide, multiseptate, hyaline to light colored. This stage of the fungus is rarely encountered.
Pathogen Storage
Cochliobolus sativus grows well on many media and can be stored short times (up to one year) as agar slants, with periodic transfer. For long-term storage, it is best to suspend the conidia in sterile 15% glycerol and store at -70°C
. If such facilities are not available, the fungus can be cultured on sterile mature wheat straw that is allowed to dry slowly at room temperature after colonization. Conidia produced on the surface of the straw will remain viable for several years when the straw is stored at 15% relative humidity or less, at either room temperature or at 4°C. 
Taxonomy
The teleomorph of the common root rot pathogen is Cochliobolus sativus, a Loculoascomycete in the order Dothideales. It produces pseudothecia but these have not been found in nature (13) . The anamorph is Bipolaris sorokiniana, previously known as Helminthosporium sativum. It produces multicelled dark colored conidia and is one of the dematiacious fungi (and is thus dark-spored) (1).
Pathogenicity Tests
Inoculum production. The inoculum which initiates infection of common root rot consists almost exclusively of conidia. These can be produced on a variety of media including V-8 agar, glucose mineral salts, or agar containing natural products such as straw, chopped barley leaves, etc. Temperatures of 21 to 25°C work well. Light does not seem to be crucial, though many have used various lighting regimes including natural light and artificial lighting, including UV light, to insure good sporulation. The conidia are scrapped or washed from the media and added directly to sand or soil for pathogenicity studies. Inoculum densities of 50 to 200 viable conidia per gram of soil are usually used since these levels approximate the naturally-occurring levels in field soil (8) .
In some cases, the pathogen has been grown on moistened autoclaved oat kernels (1 part water to 2 parts kernels v/v) for approximately one month at 21 to 25°C. These colonized kernels are air dried, and then planted simultaneously with seed of the crop to be tested at a rate of 3 g of inoculum per meter of row. The infected oat kernel inoculum can be stored at 4°C and used over a 6-to-9-month period without loss of viability.
If naturally-infested soil is available, it can also be used with or without supplementation with conidia.
Disease rating. If disease develops quickly after planting, stand counts can be of value in estimating differences in treatments, especially if noninoculated controls are included. Treatments where the pathogen is functional may give stand reductions of a few percent to as high as 50%. In many cases, however, early season symptoms are not pronounced and disease ratings on older plants are taken. The system best known is that developed by Tinline et al (26) , in which the plants are removed from the soil and the subcrown internode rated for disease severity. This system is useful for rating large numbers of plants from the field (17, 19, 20, 25, 26, 27) .
The subcrown internodes are rated for both incidence (percent plants infected) and severity of infection (2, 4, 5) . Grain yield per plant declines with increasing disease severity evaluated by either incidence of infection or severity based on a scale where the plants are placed into one of four classes as follows: Clean, slight, moderate, and severe, which corresponds to 0, 1 to 25%, 26 to 50%, and greater than 50% of the subcrown internode tissue covered by lesions, as illustrated by Ledingham (17) (Fig. 4) . Heritability of resistance has been studied by determining the percent severely infected plants with dark brown discoloration and lesions covering 50% or more of the subcrown internode (16) . A weighted average (9) has been used to convert these classes into a percentage. A more simplified version is to merely convert the scores into two classes with clean and slight scored as resistant and moderate, and severe scored as susceptible (19) . Using a video camera and computer techniques, image analysis has been used to better quantify the effect of common root rot on the growth and discoloration of the subcrown internode (14, 15) .
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